Introduction
The Transportation Equity Act for the 21st Century (TEA-21) has recently called for communities to provide a multimodal transportation system in response to increasing traffic congestion. Pressure is increasing for local governments and planning organizations to respond by planning for multimodal transportation systems, yet tools to assist in these efforts are not readily apparent. The multimodal performance measures in many local congestion management plans are cursory at best-a confirmation of the lack of tools to help devise effective plans. The end result is that many communities do not utilize multimodal transportation options to ease congestion, as there are not many available methodologies to quantify the results or even measure the problem.
Quality of service (QOS) and related methodologies can function as tools to assist communities in planning multimodal transportation options. This article provides a summary of the types of QOS and related methodologies. While a few of these are not directly considered a QOS methodology, they provide a useful supply-side analysis, or in some cases, a relative demand potential perspective that is used in conjunction with supply approaches. Also, it should be noted that QOS literature for transit focuses on work by only a few researchers. The dominance of the transit level of service technique is apparent in the literature. While several attempts at pedestrian methodologies exist, they have not produced validated models as those for the bicycle mode; thus, the literature in this area is not as plentiful. The following section summarizes current approaches and relates them transit-level service.
Multimodal QOS Concepts
The words, "quality of service" are often used interchangeably with "level of service" (LOS) and "performance measures, " yet caution is needed, as the three sets of terms are distinct. According to the Transit Capacity and QOS Manual (Kittelson et al. 1999d) , the terms are simply defined as:
The primary differences between performance measures and service measures are (Kittelson, et al. 1999d : 5-2):
• Service measures represent the passenger's or user's point of view, while performance measures can reflect any number of points of view.
• Service measures should be relatively easy to measure and interpret in order to be beneficial to users.
• LOS grades (A-F) are typically developed and applied to service measures.
The term has been used for more than 30 years in the Highway Capacity Manual.
Also, performance measures are typically viewed as the operator's point of view, are more vehicle-oriented, and incorporate various utilization and economic measures. For example, operator-based performance measures usually reflect ridership and economic factors while vehicle-based performance measures include such factors as roadway capacity and traffic signal delay time (Kittelson et al. 1999c:2) . In contrast, service measures are person-oriented to reflect the passenger's or user's point of view.
To further illustrate the QOS concept, the case of transit is explored, using examples from the Transit Capacity and QOS Manual (Kittelson et al. 1999c, 1-38/ 39 ). Generally, a person is faced with a decision whether to use transit or an alternative mode. There are two parts to this decision process: (1) the potential passenger will assess the availability of transit and whether transit is an option for the trip; and (2) the potential passenger will compare the comfort and convenience of transit to alternative modes.
The following five conditions affect transit availability. All of these conditions must be met for the potential passenger to consider transit as an option for the trip: (1) transit must be provided near one's trip origin; (2) transit must be provided near one's destination; (3) transit must be provided at or near the times required; (4) information on using the transit service must be available; and (5) sufficient capacity must be provided. If these conditions are met, then transit is an option for the potential passenger; however, comfort and convenience issues are then considered. If these factors compare favorably with competing modes, then transit will be used. Some of the comfort and convenience factors affecting transit quality are: reliability of the transit service (time required to arrive at their destinations); total door-to-door travel time, as compared with alternative modes; costs of using the transit service, compared with alternative modes; safety and security of using the transit service, including accessing transit stops; passenger amenities provided; appearance and comfort of transit facilities and stops; and passenger loads on the transit vehicles (Kittelson et al. 1999d: 1-39) .
Any of these factors (and others identified by local transit systems operators and transportation planners) can be analyzed for a particular transit stop, route segment, or an entire system to generate a QOS assessment. LOS measures, typically the A through F range, can be applied at this point. However, it is important for transit system planners and operators not to focus entirely on the LOS range calculations as a variety of other factors influence QOS that may not readily lend themselves to an "A-F" categorization.
Current Approaches
Difficulties are reported by both users and researchers with many of the existing methodologies used for measuring multimodal performance (Phillips, Karachepone, and Landis 2001 Until recently, traditional concepts applied to highway and roadway policy, planning, and design have been superimposed to try to fit the needs of multimodal planning. Rarely has this worked to the extent that effective QOS methodologies are utilized to support planning and design for bicycle, pedestrian, and transit modes. As part of the overall transportation planning process, considerations for multimodal facilities have often been lacking due to the quiet nature and lack of knowledge of bicycle and pedestrian modes, in particular. For example, low trip volume, low space requirements as compared with motor vehicles' needs, and the inability of some travel demand models to account for these trips often commands less attention than other modes (Burrell 1994/95) . Methodologies and tools are needed that can bring the level of analysis for multimodal to the same degree of confidence and usability as that for highway and roadway planning, yet take into account the distinct needs of multimodal planning. Bringing together the pedestrian, bicycle, and transit modes makes management easier at the local and municipal planning organization (MPO) level.
QOS methodologies are considered supply-side assessments-in other words, evaluation of existing facilities (Cambridge Systematics 1998a, b, c; . Thus, past assessments have often focused on factors such as overcrowding of facilities and transit vehicle performance, or the quality of supply of multimodal facilities. Supply-side assessments do not predict or estimate future demand. However, they are invaluable in providing information for decision making regarding investments in improved or new multimodal facilities. They are indicators of the quality and benefits to users-information that can be used to guide or justify provision of additional facilities. Quality norms and perceptions of quality are essential to effective transportation planning; as described by Pettina (1991) , quality can be assessed by usage, experience of the trip, and future values. Usage is determined by travelling time; experience is determined by safety and comfort; and future value is mostly determined by maintenance.
Comparatively, demand-side methods are used to generate quantitative estimates of demand for multimodal facilities. A variation of demand models are relative demand potential methodologies, those methods that assess the potential demand levels rather than predict actual demand. Supply-side assessments can be used in tandem with some of the demand-side methods, especially when demand is associated with the quality of existing facilities. For example, the City of Olympia, Washington, is considering measuring transit LOS through assessing the latent demand for transit service-basically how many people want to travel through a corridor or segment, a demand estimation technique (Lazar 1998) . By combining this with more traditional transit LOS indicators, the City hopes to generate information and direction for complying with the Washington Growth Management Act stipulation that transportation systems be measured and assessed. There are numerous demand models in existence. 1 The focus of this article however is on supply-side methods.
Reviews of Methodologies Environment Factors for Bicycle, Pedestrian, and Transit Modes
Supply-side approaches for measuring the quality of an area's bicycle and pedestrian characteristics typically are used in conjunction with regional travel models. While substantial field data collection is required to develop environment factor ratings for local application (Antonakos 1994) , the factors are generally relevant to a variety of regions and area types (Cambridge Systematics, Inc. 1998b ). Environment factors can also be used for predicting transit trips as well as for bicycle and pedestrian modes because the quality of the pedestrian environment can influence transit selection. A "Transit Friendliness Factor" was developed for the Triangle Transit Authority in Raleigh, North Carolina, to predict automobile versus transit choice (Evans et al. 1997) . Four elements were rated (on a scale of one to five): sidewalks, street crossings, transit amenities, and proximity to destinations. It was reported that including the transit friendliness factors greatly improved the model's ability to predict automobile versus transit trip selection (Cambridge Systematics, Inc. 1998a). These transit friendliness factors are directly related to pedestrian and bicycle mode planning as they are interrelated and support each other.
Portland, Oregon, was one of the first areas to develop a pedestrian environment factor (PEF) system, incorporated with its regional travel model. Portland's PEF includes: sidewalk availability, ease of street crossing, terrain, and connectivity of the street and sidewalk system (Cambridge Systematics, Inc. 1998a and 1998b) . The factors are ranked, with points ranging from 0 to 12; bicycle factors are added for an additional range of 0 to 15. Portland has reported success with improvements for predicting automobile versus pedestrian and bicycle mode split. Also, the significance of the scoring system is that the higher the PEF score, the more likely people choose walking, bicycling, or transit over automobile usage. In other words, there was a measurable relationship between the quality of the pedestrian environment and the travel mode choices being made (Parsons Brinckerhoff Quade and Douglas, Inc. et al. 1993 ).
This relationship is powerful support for integrating pedestrian environment analysis into transportation planning efforts. For example, in the 1970s communities began to realize that for transit systems to operate effectively, conditions such as high-speed traffic, wide streets, and narrow sidewalks that make it difficult to operate convenient service for riders must be addressed. Instead of relying on transportation agencies to make decisions from the top down, communities have encouraged a more integrated process of merging traffic and transit concerns with development and environmental concerns. Further, some travel demand methods are enhanced by incorporating pedestrian environment analysis (Turner et al. 1998) . By merging "supply" with demand analysis to provide a more complete analysis of issues for bicycle, pedestrian, and transit facilities, cities are able to implement a more holistic or integrated approach to transportation planning. Other areas have followed Portland's lead, applying environment factors to regional travel models. These areas include Washington, D.C. (Chesapeake Bay Foundation 1996) and Sacramento, California. Montgomery County, Maryland, developed a different pedestrian and bicycle environment factor (PBEF) that includes five elements: amount of sidewalks, land-use mix, building setbacks, transit-stop conditions, and bicycle infrastructure (Cambridge Systematics, Inc. 1998a and 1998b) . Montgomery County reports a significant improvement in the performance of its regional travel model by including the pedestrian and bicycle environment factor.
Compatibility Measures for Bicycle, Pedestrian, and Transit Modes
Another type of supply-side or quality of supply approach is compatibility analysis. There are several types of compatibility approaches: pedestrian stress level and LOS assessments, bicycle stress level and LOS assessments, and transit LOS assessments. Pedestrian compatibility approaches measure the quality of existing facilities for pedestrian travel, rather than forecasting demand for expanded facilities. Pedestrian approaches and methods are considerably less developed than for bicycle or transit modes (Dixon 1996; Khisty 1994; Landis 1998b ). Yet the value of assessing pedestrian facilities ranks high as an important tool in improving the transportation planning process (FDOT 1992) . Khisty (1994:49) points out several applications of pedestrian compatibility approaches: results can be used as a tool to guide decision-makers in evaluating quality of facilities beyond quantitative measures of flow, speed, and density; results identify ideal benchmarks; can be used as a planning tool to develop future routes; and results can be used in budgeting funds for improvements. Although pedestrian approaches and methodologies are still "emerging, " the inclusion of the pedestrian element has long been recognized by some as vitally important, with the need to fully integrate the process of pedestrian facility planning into other planning activities such as comprehensive planning, subarea planning, and site plan review (JKL & Associates et al. 1987) .
As part of a congestion management plan, the City of Gainesville, Florida, incorporated LOS measures for pedestrian facilities. This methodology represents one of the more comprehensive approaches taken to date. A point system, ranging from 1 to 21 was used to evaluate actual roadway corridors for pedestrian suitability. Scores were then converted into a LOS range from A to F. The following criteria were used: pedestrian facility type (dominant facility type, sidewalk width, offstreet parallel alternative facility); conflicts (number of driveways and sidewalks, pedestrian signal delay times, reduced turn-conflict implementations, crossing widths, speed of traffic, medians present); amenities in right-of-way (buffers, benches or pedestrian-scale lighting, shade trees); maintenance; and TDM and multimodal support (Dixon 1996 ).
Gainesville's method focuses on pedestrian facility conflicts, amenities, maintenance, and several other factors. Another pedestrian LOS and stress level method was developed by Mozer (1998) . This approach focuses on facility design with speed, outside lane width, and volume as the primary criteria. Both methods have not been designed to be incorporated with travel demand models, in contrast to the environment factors approach. Similar to Dixon's checklist of pedestrian travel conditions, the City of Fort Collins, Colorado, provided a LOS standards for five areas of concern: directness, continuity, street crossings, visual interest and amenity and security. For each of these areas, brief descriptions were given to provide a scale, with LOS A representing the best pedestrian environment through level-of service F representing the worst pedestrian environment. It attempts to apply particular LOS standards to geographical areas of the Fort Collins community, determining a minimal LOS standard for that area. For example, the downtown business district, where compactness is an asset, would score highly on all LOS thresholds.
A different method developed by Romer and Sathisan (1997) combined factors to analyze entire pedestrian systems, rather than individual factors. Using the key variables in each of the three method elements (sidewalks, corner areas, and crosswalks), a balanced approach is attempted to provide an overall LOS assessment. A method used in Europe assesses existing quality against desired quality, with less quantitative focus than LOS methodologies (Centre for Research and Contract Specialization in Civil Engineering 1993).
At the behest of the Hillsborough County (Florida) Metropolitan Planning Organization, Sprinkle Consulting, Inc. assisted in the formation of a community-wide pedestrian system plan. With the expressed purpose of designing a mathematical model to quantify the perceived safety of the pedestrian environment, the Sprinkle methodology provided Hillsborough County with a method in which roadways could be prioritized for sidewalk construction and sidewalk retrofit. In the mid1990s Hillsborough County searched for a "blueprint" in which to upgrade its pedestrian environment. Sprinkle's criteria for evaluating the pedestrian environment included six performance factors (of which three were considered significant) and were rigorously tested in Hillsborough County (Hillsborough County Metropolitan Planning Organization 1999). The factors, determined by group consensus, include:
1. lateral separation between pedestrians and motor vehicle traffic; 2. outside (motor vehicle) lane volume; 3. effect of (motor vehicle) speed; 4. roadway (transverse) crossing inconvenience; 5. environmental amenities; and 6. sidewalk surface condition.
Designed to assess walking conditions (with or without the presence of sidewalks), the evaluation was based on a mathematical approach called the Roadside Pedestrian Condition model (RPC). Hillsborough County streets were given LOS letter grades, ranging from A to F. Hillsborough County used this LOS ranking system to assist in evaluating and prioritizing its roadways for sidewalk retrofit and construction. A variety of bicycle stress level and LOS assessments (Eddy 1996; Turner et al. 1997) exists, including the Bicycle Compatibility Index (BCI) developed for the Federal Highway Administration. The BCI is an attempt to promote a methodology that can be widely applied by transportation planners and engineers to determine how compatible a roadway is for allowing operation of both bicycle and motor vehicle traffic (Cambridge Systematics, Inc. 1998c) . It incorporates roadway variables with those bicyclists typically use to assess the "bicycle friendliness" of a roadway (Harkey et al. 1998a and b) . The BCI uses several independent variables for the model, including: presence of bicycle lane or paved shoulder and width, presence of a parking lane with more than 30 percent occupancy, type of roadside development, 85 th percentile speed of traffic, curb-lane width, curb-lane volume, and other lane volume. The method has good validation techniques that improve its effectiveness and is considered an improvement by some researchers (Cambridge Systematics 1998a) upon earlier stress level work of Sorton and Walsh (1994a) and the Geelong Planning Committee (1978). Sorton and Walsh (1994a and b) provided an earlier model to determine the stress level for bicyclists and bicycle compatibility of roadways. Building on three primary variables (curb-lane speed, curb-lane width, and peak hour volume), a bicycle LOS measure was developed. However, the model has been criticized for leaving out crucial factors, such as pavement conditions, roadways with bicycle lanes, and intersection density and volume (Cambridge Systematics 1998a).
In addition to the pedestrian compatibility approach developed by Gainesville, Florida (Dixon 1996) , a bicycle LOS measure was also developed and implemented. The LOS developed is more comprehensive than some of the earlier efforts, and reflects an improvement upon the works by Davis (1987) , Epperson (1994) , and Sorton and Walsh (1994a) . A point system was developed to evaluate roadway corridors, and then converted into an LOS range of A to F. Measures for the bicycle LOS included: basic facilities (outside lane width, off-street facilities); conflicts (driveways and sidestreets, barriers, no on-street parking, medians present, unrestricted sight distance, intersection implementation); speed; motor vehicles; maintenance; and transportation demand management multimodal facilities.
The Interaction Hazard Score model was developed several years ago to provide a supply-side measure of the on-road bicycling environment (Landis 1994 and . The model utilizes existing traffic and roadway data and variables to estimate the perceived hazard of bicycle and automotive compatibility. The interaction model was developed to overcome deficiencies of earlier models, such as Florida's Road-way Condition Index (Epperson 1994) , the Segment Condition Index, and the Davis model's Bicycle Safety Index Rating (Davis 1987; Horowitz 1996) .
Several factors influence a bicyclist's perception of interaction hazard: speed of the motor vehicle traffic, traffic characteristics, proximity of the bicyclist to motor vehicle traffic, and the volume of the motor vehicle traffic (Landis 1996) . Cities throughout the United States utilize the interaction model, often translating the results into LOS categories for bicycle facility planning. This practice has prompted the acceptance of the perception of hazard as a valid LOS measure.
The Interaction Hazard Score model led to the development of the Bicycle Level of Service model (BLOS), designed to quantify the level of comfort or threat of roadway hazard that, in theory, is connected with the use of roadways. The model is statistically based, and reflects the effect on bicycle compatibility due to factors such as traffic volume, pavement surface conditions, motor vehicle speed and type, on-street parking, bike lane widths and striping, and roadway width (Landis 1998a ). The BLOS model differs from others in that it provides a theoretical basis for testing. A study measuring the responses of 150 bicyclists in Tampa, Florida, was used as the baseline data for developing the model and software, which according to the developer, can be applied to the majority of roadways in the United States (Landis 1998 ). The BLOS is based solely on human responses to measurable roadway and traffic stimuli (Landis et al. 1996:120) , rather than estimations or proxies as are some of the other stress level approaches.
Another approach at assessing bicycle facilities was formulated by Nelson and Allen (1997) to analyze existing data for 18 U.S. cities (Goldsmith 1994) . The research was driven by the question: Does providing bicycle facilities mean that people will use them? In other words, this research incorporates a supply-side approach to assessing facilities. A regression equation was used to test the research question with somewhat inconclusive results. The most statistically valid finding was the strength of the relationship between the miles of bicycle paths per 100,000 residents and the percentage of commuters using them-as the miles of paths increased, so did usage (as was expected). The researchers use these results to promote the theory that a latent demand for bicycle facilities may only be tapped by providing bicycle facilities, as suggested earlier by researchers at the University of North Carolina Highway Safety Research Center (1994).
Transit Measures
Existing measures of transit availability-a key measure of transit quality-typically overstate the degree to which transit service is available at a location. To overcome this, the Florida Department of Transportation contracted with Kittelson & Associates (1999a) to develop the FDOT Transit Level of Service (TLOS) indicator to address both the spatial and temporal aspects of transit availability. The TLOS indicator, which is software-based, uses percent person-minutes served, defined as the average percent of time that people have transit service available (over time) and accessible (spatially) to them (Kittelson & Associates 1999a and b).
An even more extensive QOS measure was presented in The Transit Capacity and QOS Manual (Kittelson & Associates, Inc. 1999d) , the transit counterpart to the Highway Capacity Manual. This measure is broader than the Transit Level of Service indicator because it addresses factors other than accessibility and modes other than fixed-route transit; it is more generalized because it requires less detailed information, although it produces less precise results. However, the Transit Level of Service indicator is compatible with this national QOS framework. The measures used in the Transit Capacity and QOS framework are:
• Availability: Transit stop (frequency, availability, passenger loads), route segment (hours of service, accessibility), system (service coverage, % person-minutes served indices); • Quality: Transit stop (passenger loads, amenities, reliability), route segment (reliability, travel speed, transit/auto travel time), and system (transit/auto travel time, travel time, safety) (Kittelson & Associates 1999a and d).
Conclusion
All of the methods explored represent varying degrees of improvement over past efforts. Each approach offers contributions and often one or more approaches are used to provide a more comprehensive assessment. With improvement, all are tools to bring transit level service "to the table" so that pedestrian, bicycle, and transit can be considered together.
A shortcoming of current methodologies is the lack of consideration for parallel paths, trails, or sidewalk systems that are used or could be used, as transportation corridors. If safe and relatively direct paths can be provided away from vehicular traffic, then it is likely that bicycle, pedestrian, and transit mode choices would increase. Urban trails and other alternative routes may help create a shift in demand from vehicular usage to pedestrian and bicycle modes, yet little research has been conducted in this area. Increasing bicycle and pedestrian modes will enhance transit level service as all three modes interface.
Advances made in assessing conditions for nonautomobile transportation can help in the routine accommodation of these modes in transportation systems. Local governments can now set quantifiable standards for levels of service. Some local governments are already doing this in the areas surrounding schools, parks, and other areas with high demand for nonautomobile transportation. 2 In closing, the work summarized in this article should help bring legitimacy to providing for all modes of transportation and provide information to governments concerned with multimodal quality of service. By strengthening all modes, transit level service is improved as well.
Endnotes
1 For examples of demand-side models see: comparison studies (Wigan et al. 1998) ; aggregate behavior studies (Nelson and Allen 1997; Ridgway 1995) ; discrete choice models (Loutzenheiser 1997; Kitamura et al. 1997; Noland and Kunreuther 1995; Taylor and Mahmassani 1996) ; regional travel models (Cambridge Systematics, Inc. 1998b; Hunt et al. 1998; Replogle 1996; Replogle 1995; Stein 1996) ; and sketch plan methods (Ercolano et al. 1995; Ercolano 1997; Matlick 1996) .
2 Florida DOT has adopted a simplified methodology using default assumptions, which integrates the SCI Bicycle LOS, Pedestrian LOS, Transit Capacity and Quality of Service Manual and the Highway Capacity Manual. By integrating these into a stand-alone interactive software product, it is now possible to conduct what-iftype analysis to see how proposed changes in the roadway environment affect each of the modes. This should become a powerful tool for alternatives analysis in preliminary engineering studies. Florida DOT has also been expanding its initial multimodal Q/LOS research to include intersection, transit stop, corridors, pedestrian mid-block crossing, and areawide analysis. The most up-to-date information on this work can be found at the Florida DOT's Level of Service webpage: http://www11.myflorida.com/planning/systems/sm/los/default.htm.
